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m o d i f i e d  f o r  u s e  o f  a i r  on  t h e  pad .  It  i s  n o t e d  t h a t  many func -  
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To i n p r o v e  t h e  margin of  c r e w - s a f e t y  t h e  a l t e r n a t e  
oxygen s y s t e m  s h o u l d  b e  e f f e c t i v e  a g a i n s t  c o n t a m i n a t i o n ,  low 
p a r t i a l  oxygen p r e s s u r e ,  low t o t a l  p r e s s u r e ,  and s i n g l e  o r  mul- 
t i p l e  e n v i r o n m e n t a l  c o n t r o l  sys tem m a l f u n c t i o n s  ( e . g . ,  s u i t  
l o o p  or b o t h  c a b i n  2nd s u i t  l o o p  m a l f u n c t i o n s )  f o r  most crew 
and  s p a c e c r a f t  c o n f i g u r a t i o n s  t h r o u g h o u t  t h e  nominal  m i s s i o n  
and a b o r t  r e g i m e s .  The a l t e r n a t e  oxygen s y s t e m  s h o u l d  s u p p l e -  
ment t h e  c a b i n  a tmosphe re  and s u i t  l o o p  s y s t e m s  d u r i n g  c o n t i n -  
g e n c i e s ,  n o t  s u b s t i t u t e  f o r  t h e s e  sys t ems  i n  t h e  nominal  c a s e .  

The a d d i t i o n  o f  s u p p l e m e n t a l  g a s e o u s  oxygen,  i n d e -  
p e n d e n t l y  c o n t r o l l e d  s u i t  oxygen  i i i -~es  ( f o r  G S C  w i t h  h e l m e t s  and 
s u i t s  o n )  and f a c e  masks ( f o r  u s e  w i t h  h e l m e t s  o f f )  can  p r o v i d e  
s i g n i f i c a n t  s a f e t y  improvement o v e r  t h e  b a s i c  e n v i r o n m e n t a l  
c o n t r o l  s y s t e m  c a b i n  a tmosphere  and s u i t  l o o p .  
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INTRODUCTION 

The Apo l lo  Env i ronmen ta l  C o n t r o l  Sys tem (ECS) s u p p o r t s  
t h e  p h y s i o l o g i c a l  needs  o f  t h e  crew a d e q u a t e l y  f o r  most  c o n t i n -  
g e n c i e s  when oxygen i s  used  as a p r e s s u r a n t .  However, changes  
a r e  b e i n g  made i n  t h e  s p a c e c r a f t  to e n a b l e  e i t h e r  a i r  or oxygen 
to be used  as a c a b i n  p r e s s u r a n t  on t h e  pad .  T h e r e f o r e ,  a re -  
vie:v o f  t h e  crew r c q u l r e m e n t s  s p e ~ i f i r a . 1  l y  for b r e a t h i n g  oxygen 
i n  e a c h  m i s s i o n  p h a s e  was per formed w i t h o u t  l i m i t i n g  tile e v a l u a -  
t i o n  by approved  hardware  changes .  T h i s  stlrldy examines t h e  need  
f o r  a l t e r n a t e  oxygen s u p p l y  f u n c t i o n s  i f  e i t h e r  a i r  or oxygen i s  
u s e d  a t  l a u n c h .  

The most s i g n i f i c a n t  r e q u i r e m e n t s  for a n  a l t e r n a t e  
oxygen sys t em were compared w i t h  t h e  c a p a b i l i t i e s  e x p e c t e d  to 
b e  p r o v i d e d  by changes  p l anned  i n  t h e  CSM ECS to e n a b l e  u s e  o f  
a i r  o n  t h e  pad as a n  o p t i o n  and c o n c u r r e n t  r e l a t e d  chanqes  to 
i n c o r p o r a t e  oxygen n a s k s  and r a p i d  r e p r e s s u r i z a t i o n .  T h i s  com- 
p a r i s o n  f o c u s e s  a t t e n t i o n  on a few a d d i t i c n a l  s i g n i f i c a n t  equ ip -  
ment c a p a b i l i t i e s  t h a t  s h o u l d  be  c o n s i d e r e d  for i n c l u s i G n  i n  t h e  
p l a n n e d  s p a c e c r a f t  m o d i f i c a t i o n s .  

SYSTEU DIS CUSSICN 

The Apo l lo  s y s t e m  i s  r e q u i r e d  t o  p r o v i d e  s u p p o r t  for 
crew p h y s i o l o g i c a l  f u n c t i o n s  i n c l u d i n g  r e s p i r a t i o n ,  body p r e s -  

s u r e  and t h e r m a l  c o n d i t i o n i n g .  (') 
C o n t r o l  System (ECS) p r o v i d e s  t h e  n e c e s s a r y  f u n c t i o n s  i n  t h e  
n o m i n a l  c a s e  and for t h e  m a j o r i t y  of  c o n t i n g e n c i e s .  I n  t h e  
s p a c e c r a f t  t h e  f u n c t i o n s  a r e  accompl i shed  w i t h  t h e  u s e  o f  a 
g a s e o u s  medium (oxygen)  s u p p l i e d  i n  f l i g h t  f rom a p r i m a r y  c ryo-  
g e n i c  oxygen s o u r c e  i n  t h e  SM o r  f r o n  s e c o n d a r y  gaseous  oxygen 
c o n t a i n e r s  t h a t  a re  r e s u p p l i e d  from t h e  p r i m a r y  s o u r c e .  

The e x i s t i n g  Env i ronmen ta l  

Two ECS g a s e o u s  envi ronment  c o n t r c l  methods ,  c a b i n  
a t m o s p h e r e  sys t em (or c a b i n )  and p r e s s u r e  garment  s y s t e m  ( o r  
s u i t  l o o p ) ,  a re  u s e d  c o n c u r r e n t l y  o r  a l t e r n a t e l y  to p r o v i d e  
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maximum crew s a f e t y  c o n s i s t e n t  w i t h  o p e r a t i o n a l  r e q u i r e m e n t s ,  
e . g . ,  s h i r t s l e e v e  o p e r a t i - o n ,  crew t r a n s f e r ,  e t c .  These two 
s y s t e m s  a re  n o t  c o m p l e t e l y  s e p a r a t e d  ( s i n c e  t h e y  have a common 
s u p p l y  and some common l i n e s  and c o n t r o l s )  b u t  t h e y  can  b e  
e f f e c t i v e l y  i s o l a t e d  a t  t h e  independen t  p r e s s u r e  r e g u l a t o r s .  

T h i s  s t u d y  o f  an  a l t e r n a t e  oxygen s y s t e m  i s  p r i m a r i l y  
conce rned  w i t h  t h e  s u p p l y  of t h e  p r o p e r  c o m p o s i t i o n  o f  b r e a t h -  
i n g  oxygen r a the r  t h a n  main tenance  of s u i t  or c a b i n  t o t a l  
p r e s s u r e .  I n  o n l y  a few i n s t a n c e s  can  s u i t  or c a b i n  t o t a l  
p r e s s u r e  be r e a s o n a b l y  supplemented ,  e . g . ,  b y  d i r e c t  oxygen 
i n p u t  to a donned s u i t  when c a b i n  p r e s s u r e  i s  low. F u r t h e r m o r e ,  
l i t t l e  a d d i t i o n a l  h0d.y t e m p e r a t i i r e  c o n t r o l  i s  a v a i l a b l e  a s  a 
b y p r o d u c t  o f  a s i m p l e  a l t e r n a t e  oxygen s u p p l y  method. There-  
f o r e ,  t h i s  d i s c u s s i o n  i s  e s s e n t i a l l y  l i m i t e d  t o  t h e  ma in tenance  
of a v i a b l e  r e s p i r a t i o n  a l t e r n a t i v e  ( i . e . ,  s u f f i c i e n t  oxygen 
p a r t i a l  p r e s s u r e ,  a d e q u a t e  t o t a l  p r e s s u r e  i f  p o s s i b l e  and s u f -  
f i c i e n t l y  l o w  c o n t a m i n a t i o n  l e v e l s ) .  

The a s t r o n a u t s  are p r o v i d e d  b r e a t h i n g  oxygen on a 
m i s s i o n  by e i t h e r  a p r i m a r y  o r  a backup s y s t e m  unde r  nominal  
c o n d i t i o n s .  The s u i t  l oop  i s  t h e  p r i m a r y  s u p p l y  w i t h  s u i t s  and 
helmets  donned,  backed  up b y  c a b i n  a t m o s p h e r e .  Wi th  s u i t s  o r  
helmets  d o f f e d  t h e  same sys tems are a c t i v e ,  e x c e p t  t h e  c a b i n  
a tmosphe re  i s  p r i m a r y  and. t h e  s u i t  l o o p  i s  backup.  The ECS 
a l s o  o p e r a t e s  i n  b o t h  modes t o  p r o v i d e  f o r  some crewmen i n  
s u i t s  w h i l e  o t h e r s  a r e  i n  s h i r t s l e e v e s .  T h i s  s y s t e m  a r r a n g e -  
ment accommodates t h e  crew oxygen needs  i n  t h e  n o n i n a l  and most 
s i n g l e  f a i l u r e  c o n t i n g e n c y  s i t u a t i o n s .  Iiowever, i t  i s  p o s s i b l e  
to e n c o u n t e r  c o n t i n g e n c i e s  f o r  which n e i t h e r  t h e  c a b i n  atmo- 
s p h e r e  n o r  t h e  s u i t  l o o p  w i l l  s u s t a i n  t h e  c rew.  

POSSIBLE CONTINGENCIES 

The l u n a r  m i s s i o n  phases  were examined f o r  a tmosphe re  
r e l a t e d  c o n t i n g e n c i e s  i n  o r d e r  to d e r i v e  r e q u i r e m e n t s  f o r  an  
a l t e r n a t e  oxygen s u p p l y  t h a t  can a d e q u a t e l y  supplement  e x i s t i n g  
c a p a b i l i t i e s .  It i s  assumed t h a t  t h e  s p a c e c r a f t  i s  re- 
d e s i g n e d  to u s e  e i t h e r  oxygen o r  a i r  as a countdown c a b i n  p r e s -  

s u r a n t  and oxygen a f t e r  a s c e n t .  (’) 
a r e  i n c l u d e d  based on t h e  u s e  o f  a i r ,  as w e l l  as oxygen, a t  
l a u n c h .  

T h e r e f o r e ,  c o n t i n g e n c i e s  

Many of t h e  c o n t i n g e n c i e s  c o n s i d e r e d  are  o r  appear to 
b e  d o u b l e  m a l f u n c t i o n s  because  t h e  ECS n o r m a l l y  p r o v i d e s  two 
modes ( s u i t  and c a b i n )  t h a t  m u s t  b o t h  b e  o u t  o f  commission or 
i n a c c e s s i b l e  b e f o r e  a n  a l t e r n a t e  i s  needed .  However, t h e s e  con- 
t i n g e n c i e s  must b e  c o n s i d e r e d  b e c a u s e  one i n c i d e n t ,  e . g . ,  smoke, 
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can i f i v a l i d a t e  b o t h  ECS modes; one mode c o u l d  b e  i n a c c e s s i b l e  
d u r i n g  f a i l u r e  o f  t h e  o t h e r ;  one mode may n o t  b e  a d e q u a t e l y  
p r o v i d e d  1 0 0  p e r c e n t  o f  t h e  t i m e ;  and ,  l e s s  s i g n i f i c a n t l y ,  two 
i n d e p e n d e n t  f a i l u r e s  c o u l d  o c c u r .  

The ma jo r  m i s s i o n  phases  and a compos i t e  o f  t h e  con- 
t i n g e c c i e s  examined a r e  l i s t e d  be low.  The d e t a i l e d  breakdown 
of c o n t i n g e n c i e s  as d e v e l o p e d  b y  m i s s i o n  p h a s e  i s  g i v e n  i n  
Appendix A .  . C o n t i n g e n c i e s  l i s t e d  a r e  o n l y  t h o s e  t h a t  c o u l d  b e  
c o u n t e r e d  b y  a p p r o p r i a t e  a p p l i c a t i o n  of  an  a l t e r n a t e  b r e a t h i n g  
s o u r c e  and  a r e  n o t  now a d e q u a t e l y  c c v e r e d  by  t h e  f u n c t i o n a l  
c a p a b i l i t y  o f  t h e  e x i s t i n g  ECS: 

1. iviissiori Phases 

a .  

b .  

C .  

d .  

e .  

Countdown - During  countdcwrl f a i l u r e  o r  compromise o f  
b o t h  t h e  s u i t  l o o p  and c a b i n  a tmosphe re  c o u l d  o c c u r ;  

Launch and Ascent  - During  a s c e n t  t h e  c a b i n  p r e s s u r e  
i s  r e d u c e d  t o  t h e  e x t e n t  ii-iat i f  air i s  ased t h e  cahiu: 
a tmosphere  does  n o t  p r o v i d e  a d e q u a t e  backup.  
a d d i t i o n ,  t h e  b o o s t  a c c e l e r a t i o n  f o r c e  c o m p l i c a t e s  t h e  
removal  o f  s u i t  h e l m e t s  o r  i n i t i a t i o n  of  o p e r a t i o n  or 
m a n i p u l a t i o n  of any a l t e r n a t e  s y s t e m s ;  

(1)(3) In 

I n  T r a n s i t  ( S u i t s  P r e s s u r i z e d )  - T h i s  c o n d i t i o n  e x i s t s  
a f t e r  a s c e n t  u n t i l  i n i t i a l  s u i t  d o f f i n g  and d u r i n g  a l l  
s u b s e q u e n t  S e r v i c e  P r o p u l s i o n  Sys tem (SPS) b u r n s  i n  
t r a n s l u n a r ,  l u r , a r  and t r a n s e a r t h  t r a j e c t o r i e s ;  

I n  T r a n s i t  ( S u i t s  U n p r e s s u r i z e d )  - PIost o f  t h e  t r a n s i t  
t i m e  i s  s p e n t  i n  t h i s  c o n d i t i o n  ( s u i t s  d o f f e d  or h e l -  
m e t  removed)  u s i n g  c a b i n  a tmosphe re  as t h e  p r imary  
s o u r c e  o f  oxygen. Th i s  c o n d i t i o n  a l s o  a p p l i e s  to CSM 
s o l o  o r b i t  a f t e r  LM d e s c e n t .  S u i t s  a re  to b e  donned 
and p r e s s u r i z e d  i n  e v e n t  o f  c a b i n  d e p r e s s u r i z a t i o n  o r  
Con tamina t ion .  Time c r i t i c a l  c o n t i n g e n c i e s  c o u l d  r e -  
q u i r e  an a l t e r n a t e  r a p i d l y  a c c e s s i b l e  oxygen s u p p l y ,  
e . g . ,  f a c e  masks;  

Crew T r z n s f e r  - I n t r a - v e h i c u l a r  t r a n s f e r  i s  accom- 
p l i s h e d  i n  p r e s s u r i z e d  s u i t s  w i t h  t h e  a i d  o f  a l o n g  
u m b i l i c a l  s u p p l i e d  by  t h e  CSM ECS. EVA t r a n s f e r ,  i f  
r e q u i r e d ,  i s  accompl i shed  w i t h  t h e  a id  o f  t h e  p o r t a b l e  
l i f e  s u p p o r t  sys t em (PLSS) or t h e  oxygen p u r g e  s y s t e m  
@PSI; 
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f. 

E *  

h .  

i .  

LlvI Descen t  o r  Ascent  - S u i t s  and c a b i n  are  n o r m a l l y  
b o t h  p r e s s u r i z e d .  B o t h  must  become n o n v i a b l e  b e f o r e  
a n  a l t e r n a t e  oxygen s o u r c e  would be r e q u i r e d ;  

Lunar  S u r f a c e  S t a y  - Normal l i f e  s u p p o r t  c o n d i t i o n s  
i n c l u d e  p r e s s u r e  s u i t s  backed  b y  c a b i n  a tmosphe re ,  
c a b i n  a tmosphe re  backed  by s u i t s  (helmets  d o f f e d ) ,  
p r e s s u r e  s u i t s  i n  d e p r e s s u r i z e d  c a b i n  and  p r e s s u r e  
s u i t s  i n  EVA mode u s i n g  PLSS; 

E n t r y  and Landing  - During  no rma l  e n t r y ,  p r e s s u r e  
s u i t s  are  donned and t h e  c a b i n  i s  p r e s s u r i z e d .  The 
c a b i n  p r e s s u r e  i n c r e a s e s  as a i r  f l o w s  i n  from t h e  
e x t e r n a l  ambient  a tmosphe re .  Z n t r y  a c c e l e r a t i o n  
l o a d s  a r e  h i g h ,  c o m p l i c a t i n g  m a n i p u l a t i o n  o f  a l t e r -  
n a t e  s y s t e m s ;  

p o s t  Landing  to Recovery - Xormally t h e  a i r  i n t a k e  
and c i r c u l a t i o n  system w i l l  s u p p l y  f r e s h  a i r  to t h e  
c a b i n  and s u i t s  can  b e  d c f f e d .  

2 .  C o n t i n g e n c i e s  

a .  

b .  

C .  

d .  

e .  

f .  

g. 

h .  

i. 

F i r e  and smoke i n  c a b i n  and  s u i t  l o o p ;  

Leakage of v o l a t i l e  l i q u i d  o r  t o x i c  g a s  or p a r t i c l e s  
i n  t h e  c a b i n  and s u i t  l o o p ;  

F i r e  i n  t h e  c a b i n  and s u i t  d i s c o n n e c t e d  f o r  ene rgency  
eg res s .  

F i r e  and smoke i n  c a b i n ;  

Leakage of v o l a t i l e  l i q u i d  or t o x i c  g a s  i n  c a b i n ;  

Cabin p r e s s u r e  d e c r e a s e  to t h e  e x t e n t  t h a t  p a r t i a l  
p r e s s u r e  of oxygen i s  low (a s sumes  some d i l u t i o n  of  
c a b i n  oxygen)  ; 

S u i t  l o o p  c o n t a m i n a t i o n  ( n o t  p r e s s u r e  loss) and  
c a b i n  p r e s s u r e  loss; 

S u i t  l o o p  m a l f u n c t i o n  and  c a b i n  p a r t i a l  p r e s s u r e  o f  
oxygen low (any  s i n g l e  f a i l u r e  node i f  a i r  i s  u s e d  
i n  t h e  c a b i n  and  p r e s s u r e  has d ropped  d u r i n g  a s c e n t ) ;  

S u i t  l o o p  m a l f u n c t i o n  a n d  c a b i n  c o n t a m i n a t e d  or 
p a r t i a l  p r e s s u r e  o f  oxygen low ( w i t h  e i t h e r  a i r  or 
oxygen i n  t h e  c a b i n ) ;  
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.. 

j. 

k .  

1. 

ln . 
n .  

I n t r a - v e h i c u l a r  u m b i l i c a l  p rob lems ,  e . g . ,  t h e  s i n g l e  
l o n g  u m b i l i c a l  f a i l s ,  i s  not a c c e s s i b l e  i n  LPI or t h e  
u m b i l i c a l  c o n n e c t o r s  f a i l  on s u i t s  or s p a c e c r a f t ;  

S u i t  l o o p  m a l f u n c t i o n  w h i l e  t r a n s f e r r i n g  t h r o u g h  
t u n n e l  ; 

EVA, PLSS and OPS oxygen s u p p l y  e x h a u s t i o n  or mal- 
f u n c t i o n  or u m b i l i c a l  m a l f u n c t i o n ;  

Cabin and s u i t  l o o p  c o n t a m i n a t i o n  f rom a i r  i n t a k e ;  

A i r  i n t a k e  m a l f u n c t i o n ,  or u n d e r  water, and  s u i t  
l oop  m a l f u n c t i o n  o r  e n t r y  oxygen e x h a u s t e d .  

FUNCTIONAL REQUIREMENTS AND D E S I G N  CONSTRAINTS 

To be most e f f e c t i v e  t h e  a l t e r n a t e  oxygen sys t em pro- 
v i d e d  s h o u l d  acc=mmzdate a l l  of the c o n t i n g e n c i e s  n o t e d  i n  t h e  
p r e c e d i n g  p a r a g r a p h s .  However, t h e  c o m p l e x i t y  o f  a sys t em w i t h  
t h e  c a p a b i l i t y  to p e r f o r m  a l l  r e l e v a n t  f u n c t i o n s  may n o t  b e  
a c c e p t a b l e .  T h i s  s u g g e s t s  t h a t  some f u n c t i o n s  t h a t  would b e  
n e c e s s a r y  o n l y  f o r  t h e  l e a s t  s i g n i f i c a n t  c o n t i n g e n c i e s ,  e . g .  , 
d o u b l e  i n d e p e n d e n t  m a l f u n c t i o n s  , be e i t h e r  o m i t t e d  or s a t i s f i e d  
b y  some p r o v i s i o n  o t h e r  t h a n  a s e p a r a t e  oxygen s y s t e m .  

a l t e r n a t e  
r e s u l t  i n  

1. 

2. 

O f  t h e  many c o n t i n g e n c i e s  p r e s e n t e d  f o r  which an 
oxygen s y s t e m  would b e  u s e f u l ,  t h e  more s i g n i f i c a n t  
t h e  f o l l o w i n g  c o n d i t i o n s :  

Contaminated  Cabin  Atmosphere - Contamina t ion  i n  t h e  
c a b i n  when i n  s h i r t s l e e v e  or h e l m e t - o f f  p o s t u r e  c o u l d  
r e s u l t  f rom f i r e ,  smoke, l e a k a g e ,  f i l t e r  m a l f u n c t i o n ,  
e t c .  T h i s  s i t u a t i o n  c o u l d  r e q u i r e  equipment  s u c h  a s  
a s e p a r a t e  oxygen s o u r c e  and a f a c e  mask. The cond i -  
t i o n  i s  e s s e n t i a l l y  i n d e p e n d e n t  o f  t h e  t y p e  o f  c a b i n  
p r e s s  u r a n t  . 
Contaminated  Cabin Atmosphere and S u i t  Loop Problem - 
C o n t a m i n a t i o n  i n  t h e  c a b i n  when t h e  s u i t  i s  o n ,  
accompanied by  a s u i t  l oop  problem,  e . g . ,  m a l f u n c t i o n ,  
c o n t a m i n a t i o n  or d i s c o n n e c t e d  f o r  e g r e s s ,  c o u l d  r e s u l t  
from f i r e ,  smoke, l e a k a g e ,  f i l t e r  m a l f u n c t i o n ,  e t c .  
T h i s  s i t u a t i o n  could  r e q u i r e  equipment  s u c h  as a 
separate  oxygen s o u r c e  and f a c e  mask ( f o r  u s e  i f  
helmet  c a n  be  removed) or a d i r e c t  oxygen pu rge  l i n e  
t o  t h e  he lme t  or s u i t  ( f o r  u s e  i f  t h e  he lme t  canno t  
b e  removed) .  The  c o n d i t i o n  i s  e s s e n t i a l l y  i n d e p e n d e n t  
o f  t h e  t y p e  of  cab in  p r e s s u r a n t  and c a n  o c c u r  i n  
f l i g h t  or o n  t h e  pad. 
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3.  Low P a r t i a l  P r e s s u r e  o f  Cabin Oxygen - Low p a r t i a l  
p r e s s u r e  o f  c a b i n  oxygen when t h e  s u i t  i s  on c o u l d  
o c c u r  w i t h  a mixed g a s ,  e . g . ,  a i r  on t h e  p a d ,  s y s t e m  
a t  normal  f l i g h t  p r e s s u r e .  A low p a r t i a l  p r e s s u r e  
and a s u i t  l oop  m a l f u n c t i o n  or c o n t a m i n a t i o n  c o n t i n -  
gency c o u l d  s u p p o r t  t h e  a d d i t i o n  o f  equipment  s u c h  
as s e p a r a c e  oxygen s o u r c e  and  f a c e  mask or d i r e c t  
l i n e  to t h e  s u i t  or h e l m e t .  T h i s  c o n d i t i o n  i s  more 
l i k e l y  to o c c u r  w i t h  t h e  u s e  o f  a i r  a t  l a u n c h  t h a n  
w i t h  oxygen. 

4. Low T o t a l  P r e s s u r e  of Cabin Atmosphere - L o s s  or 
l z w e r i n g  of  t h e  c a h i n  t o t a l  p r e s s u r e  accompanied b y  a 
s u i t  p roblem when t h e  s u i t  i s  on c o u l d  r e s u l t  from 
c a b i n  l e a k a g e  or poor  r e g u l a t i o n  and a s u i t  l o o p  mal- 
f u n c t i o n  or c o n t a m i n a t i o n .  T h i s  s i t u a t i o n  c o u l d  
r e q u i r e  equipment  such as a s e p a r a t e  oxygen s o u r c e  
and a d i r e c t  l i n e  to t h e  s u i t  to p r o v i d e  b o t h  p r e s -  
s u ~ e  ai-~d oxygen a f t c r  i s e l a t i o f i  of t h e  s u i t  f r o m  t h e  
EC5  s u i t  l o o p .  

Based on t h e  con t ingency  s i t u a t i o n s  deemed most p r e -  
v a l e n t  i t  a p p e a r s  t h a t  t h e  f o l l o w i n g  f u n c t i o n a l  r e q u i r e m e n t s  
a r e  n e c e s s a r y  for a s a t i s f a c t o r y  a l t e r n a t e  oxygen s y s t e m :  

1. P r o v i d e  Oxygen ( S u i t s  Off) - When t h e  t o t a l  p r e s s u r e  
i s  s u f f i c i e n t  b u t  t h e  a tmosphe re  c o m p o s i t i o n  i s  n o t  
a d e q u a t e  and t h e  s u i t s  or h e l m e t s  a r e  o f f ,  a means of 
p r o v i d i n g  oxygen t o  t h e  crew i s  r e q u i r e d ,  e . g . ,  a 
f a c e  mask and  s e p a r a t e  oxygen t a n k s .  

2 .  P r o v i d e  Oxygen ( S u i t s  On) - When t h e  t o t a l  p r e s s u r e  
i s  s u f f i c i e n t  b u t  t h e  a tmosphe re  c o m p o s i t i o n  i s  n o t  
a d e q u a t e  and t h e  s u i t s  a r e  on ,  a means o f  p r o v i d i n g  
oxygen t o  t h e  crew i s  r e q u i r e d ,  e . g . ,  a d i r e c t  l i n e  
to t h e  s u i t  or helmet  and  s e p a r a t e  oxygen t a n k s .  

3 .  P r o v i d e  Oxygen and P r e s s u r e  ( S u i t s  o n )  - When n e i t h e r  
t h e  t o t a l  D r e s s u r e  nor t h e  a tmosphe re  c o m p o s i t i o n  a r e  
a d e q u a t e  and t h e  s u i t s  a re  o n ,  a means o f  p r o v i d i n g  
oxygen and a d e q u a t e  t o t a l  p r e s s u r e  i s  r e q u i r e d ,  e . g . ,  
a d i r e c t  l i n e  to t h e  s u i t  and  s e p a r a t e  oxygen t a n k s .  

The p r i n c i p a l  un ique  d e s i g n  c o n s t r a i n t s  l i m i t i n g  t h e  
d e s i g n  p o s s i b i l i t i e s  for an a l t e r n a t e  oxygen s y s t e m  a re  summa- 
r i z e d  be low.  More g e n e r a l  c o n s t r a i n t s ,  e . g . ,  n e e d  for v o i c e  
communica t ion ,  are not i t e m i z e d  h e r e .  These c o n s t r a i n t s  are 
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b a s e d  on t h e  nomina l  l u n a r  m i s s i o n  f u n c t i o n s ,  
r e l a t e d  to e n v i r o n m e n t a l  c o n t r o l  and  e x i s t i n g  equipment  d e s i g n  
c h a r a c t e r i s t i c s  c o n s i d e r e d  to be l i m i t i n g ,  i . e . ,  unchangeab le .  

a b o r t  f u n c t i o n s  

1. 

2. 

3. 

4. 

5. 

6. 

7 .  

Rapid O p e r a t i o n  - The s y s t e m  must  b e  c a p a b l e  o f  r a p i d ,  
i . e . ,  w i t h i n  s e c o n d s ,  i n i t i a t i o n  o f  o p e r a t i o n  i m m e d i -  
a t e l y  a f t e r  a con t ingency  i s  d e t e c t e d ;  

O p e r a b l e  Under l lg - loads l l  - The s y s t e m  must b e  ope r -  
a b l e ,  i n c l u d i n g  any manual o p e r a t i o n s ,  i n  v a r y i n g  
a c c e l e r a t i o n  r e g i o n s  i n c l u d i n g  l a u n c h  and  a s c e n t  
a c c e l e r a t i o n s  from 1 to 5g, a b o r t  l o a d s  of a b o u t  8 to 
i .4  g ,  z e r o  g ,  and e n t r y  i v a d s  of' about  l o g .  (4) 

S u i t s  On or O f f  - The s y s t e m  must  b e  u s a b l e  w i t h  s u i t s  
donned,  s u i t s  d o f f e d  or o n l y  he lme t s  d o f f e d ,  and  s h a l l  
e n a b l e  t r a n s i t i o n  f r o m  s u i t s  d o f f e d  to s u i t s  donned.  
The  s y s t e m  must a l s o  f u n c t i o n  i n  combina t ions  o f  t h e s e  
c o n f i g u r a t i o n s  s i n c e  all crew Tembers may no+, b e  i n  
t h e  same c o n f i g u r a t i o n  a t  o n c e ,  e . g . ,  when chang ing  
s u i t s  or p r e p a r i n g  f o r  EVA or crew t r a n s f e r .  

S h o r t  T e r m  Supply  - The s y s t e m  must be  c a p a b l e  o f  
p r o v i d i n g  a s h o r t  t e rm i n d e p e n d e n t  s u p p l y  of  g a s e o u s  
oxygen for r a p i d  emergency u s e .  The t a n k  or t a n k s  
s h o u l d  be  r e c h a r g e a b l e  d u r i n g  and  be tween u s e s  f rom 
t h e  CSM ECS c r y o g e n i c  s u p p l y  to c o n v e r t  t h e  s y s t e m  to 
a l o n g e r  t e r m  c a p a b i l i t y  as r e q u i r e d .  The t a n k  s i z i n g  
c r i t e r i a  must c o n s i d e r  t h e  o p e r a t i o n a l  t i m e  needed  to 
c i r c u m v e n t  emergencies  by  a c h i e v i n g  a s a f e  p o s t u r e  , 
c o m p l e t i n g  a b o r t ,  p e r f o r m i n g  pad egress ,  f i g h t i n g  
f i r e s ,  donn ing  s u i t s ,  e t c .  I n  a d d i t i o n ,  d e s i g n  con- 
s t r a i n t s ,  e . g .  , w e i g h t ,  volume and  p o r t a b i l i t y ,  
a f f e c t  t h e  s i z i n g  t r a d e o f f  to t h e  e x t e n t  t h a t  a 
f e a s i b l e  s h o r t  t e r m  gaseous  s u p p l y  w i l l  p r o b a b l y  b e  
l i m i t e d  t o  less  t h a n  one h o u r  c a p a b i l i t y .  

E y e  P r o t e c t i o n  - The s y s t e m  s h o u l d  p r o t e c t  t h e  e y e s  
f rom c o n t a m i n a n t s  w h i l e  s u p p l y i n g  oxygen f o r  b r e a t h -  
i n g  v i a  masks or s u i t / h e l m e t  c o n n e c t i o n s .  

F l e x i b l e  Usage - The s y s t e m  s h o u l d  accommodate one ,  
two or t h r e e  crewmen i n  t h e  C M ;  one or two crewmen 
i n  t h e  LM or t r a n s f e r r i n g  be tween  s p a c e c r a f t ;  and  one 
or two crewmen i n  EVA g e a r .  

P o r t a b l e  - S i n c e  t h e  s y s t e m  may b e  r e q u i r e d  i n  m o b i l e  
s i t u a t i o n s ,  e.g., pad e g r e s s ,  EVA, and crew t r a n s f e r ,  
p o r t a b i l i t y  must  b e  c o n s i d e r e d .  
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EQUIPDENT CAPABILITIES 

The  b a s i c  ECS s y s t e m  p l u s  t h e  c u r r e n t l y  p l a n n e d  
changes  w i l l  n o t  p r o v i d e  t h e  c a p a b i l i t y  f o r  a l l  f u n c t i o n s  sug-  
g e s t e d  i n  t h e  p r e c e d i n g  s e c t i o n .  A c o m p a r i s i o n  o f  a l t e r n a t e  
oxygen s y s t e m  r e q u i r e m e n t s  and  t h e  c a p a b i l i t i e s  of  t h e  ECS 
w i t h  p l a n n e d  changes  i s  made i n  T a b l e  1. Examina t ion  o f  func -  
t i o n s  n o t  p r o v i d e d  f o r  i n d i c a t e s  t h e  need  f o r  a d d i t i o n a l  e q u i p -  
ment as l i s t e d  unde r  a d d i t i o n a l  m o d i f i c a t i o n  needed .  

F o r  t h e  p u r p o s e  o f  t h e  compar ison  t h e  f o l l o w i n g  
c a p a b i l i t i e s  are assumed f o r  c u r r e n t l y  p l a n n e d  changes  : (1) 

1. A i r  o r  oxygen can  be u s e d  i n  t h e  c a b i n  on  t h e  pad  
w i t h  1 0 0  p e r c e n t  oxygen i n  t h e  s u i t  l o o p  a t  a pres- 
s u r e  s l i g h t l y  above c a b i n  p r e s s u r e ;  

2 .  Rapid  c a b i n  r e p r e s s u r i z a t i o n  c a p a b i l i t y  i n  f l i g h t  by 
u s i n g  a d d i t i o n a l  gaseous oxygen t a n k s  t h a t  can b e  
r e f i l l e d  b y  t h e  c r y o g e n i c  s y s t e m ;  

3 .  Emergency oxygen mask b r e a t h i n g  s y s t e m  i s  p r o v i d e d  
f o r  u s e  s h o u l d  a f i r e  b e  e n c o u n t e r e d  i n  f l i g h t  t o  
p r o v i d e  s u f f i c i e n t  t ime to p e r m i t  t h e  crew t o  e x t i n -  
g u i s h  t h e  f i r e  and  don t h e i r  s p a c e  s u i t s .  (Oxygen 
i s  t o  b e  a v a i l a b l e  from r e p r e s s u r i z a t i o n  g a s  b o t t l e s  
a t  1 0 0  p s i  a t  t h e  mask c o n n e c t i o n  i n t e r f a c e . )  

A s  shown i n  T a b l e  1, t h e  p r i n c i p a l  need  f o r  more 
equ ipmen t  i s  to s a t i s f y  a r e q u i m x e n t  f o r  an  a l t e r n a t e  s o u r c e  
of oxygen  when s u i t s  are  on.  T h i s  r e q u i r e s  a s e p a r a t e  connec-  
t i o n  to t h e  s u i t s  f rom a n  i n d e p e n d e n t  oxygen s u p p l y .  Oxygen 
masks as p l a n n e d  f o r  t h e  CP4 f o r  u s e  i n  e v e n t  o f  a f i r e  d u r i n g  
s h i r t s l e e v e  o p e r a t i o n  may s u f f i c e  f o r  a l l  CM mask n e e d s .  It  
s h o u l d  b e  n o t e d  t h a t  t h e  oxygen t a n k s  s i z e d  for r a p i d  r e p r e s -  
s u r i z a t i o n  may n o t  a d e q u a t e l y  p r o v i d e  t h e  f l e x i b i l i t y  needed  
to s u p p l y  t h e  masks and a d i r e c t  s u i t  i n p u t .  

The p o t e n t i a l  r e q u i r e m e n t  f o r  more equipment  i n  t h e  
LN, as i n d i c a t e d  i n  T a b l e  1, i s  b a s e d  on c o n t i n g e n c i e s  f o r  LM 
a c t i v e  p h a s e s  of  t h e  m i s s i o n .  A s  shown i n  Appendix A ,  d u r i n g  
crew t r a n s f e r  and LM d e s c e n t  or a s c e n t  t h e  crewmen remain  
s u i t e d  and can  f i n d  u s e  for a d i r e c t  oxygen i n p u t  t o  t h e  s u i t  
or he lme t .  Dur ing  l u n a r  s u r f a c e  s t a y  t h e  helmets may be 
d o f f e d  w h i l e  i n  a p r e s s u r i z e d  LM, p r e s e n t i n g  t h e  p o s s i b i l i t y  
o f  n e e d i n g  a mask i n  c a s e  of f i r e  or c o n t a m i n a t i o n  c o n t i n g e n -  
c i e s .  However, if t h e  he lme t  c a n  b e  donned a s  r a p i d l y  as a 
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mask,  t h e  need  f o r  a mask i s  r e d u c e d .  F u r t h e r  c o n s i d e r a t i o n  
i s  needed to make t h i s  t r a d e o f f .  O t h e r  s i t u a t i o n s  e x i s t  i n  
Lr4 t h a t  a r e  s imi l a r  to t h o s e  i n  t h e  CM t h a t  c o u l d  r e q u i r e  
masks  or d i r e c t  s u i t  i n p u t  l i n e s  f o r  t h e  CM. T h e r e f o r e ,  t h e  
LM c o u l d  u s e f u l l y  employ t h e  t y p e  of a l t e r n a t e  oxygen s y s t e m  
components p r o v i d e d  f o r  t h e  CM. The n e c e s s i t y  f o r  (or o v e r a l l  
c o s t  e f f e c t i v e n e s s  o f :  a d d i t i o n a l  equipment  i n  t h e  LM may n o t  
be as g r e a t  as f o r  t h e  CM because  o f  r e d u c e d  s t resses ,  e . g . ,  
a c c e l e r a t i o n  and o p e r a t i n g  t i m e ,  b u t  t h e  need c o u l d  e x i s t  i f  
t h e  l i s t e d  c o n t i n g e n c i e s  o c c u r .  

CONCLUSION 

An e v a l u a t i o n  o f  t h e  p o s s i b l e  c o n t i n g e n c i e s  t h a t  
might  o c c u r  i n  v a r i o u s  m i s s i o n  p h a s e s  i n d i c a t e s  t h a t  a s i g n i -  
f i c a n t  improvement i n  crew s a f e t y  can  be a c h i e v e d  b y  a d d i n g  a n  
a l t e r n a t e  oxygen s y s t e m .  T h i s  s y s t e m  can  b e s t  b e  u sed  i n  t h e  
form o f  an  oxygen mask f o r  c o n t i n g e n c i e s  i n c l u d i n g  f i r e  and 
c o n t a m i n a t i o n  or' low oxygeil p a r t i a l  p r e s s u r e  when si-i-its or 
h e l m e t s  a r e  o f f .  For p e r i o d s  when h e l m e t s  canno t  be r a p i d l y  
d o f f e d  ( e . g . ,  pad e g r e s s ,  a s c e n t ,  a b o r t ,  EVA or e n t r y )  t h e  
s y s t e m  s h o u l d  be p r e c o n n e c t e d  t o  t h e  s u i t s  o r  h e l m e t s  and  
s h o u l d  be a u t o m a t i c a l l y  a c t i v a t e d  or e a s i l y  m a n i p u l a t e d .  The 
s y s t e m  s h o u l d  i n c l u d e  a s h o r t  t e r m  s e p a r a t e  s u p p l y  o f  oxygen 
and b e  u s a b l e  i n  t h e  CP/I or LM and p o s s i b l y  d u r i n g  EVA. The 
s y s t e m  s h o u l d  be  c o m p a t i b l e  w i t h  l i m i t e d  manual o p e r a t i o n s  
a c h i e v a b l e  u n d e r  t h e  p o t e n t i a l  a d v e r s e  c o n d i t i o n s ,  e . g . ,  h i g h  
a c c e l e r a t i o n  or busy t i m e l i n e ,  e x i s t e n t  a t  t h e  t i m e  o f  erner- 
gency .  The a l t e r n a t e  b r e a t h i n g  s y s t e m  s h o u l d  be p r o v i d e d  
p r i m a r i l y  f o r  c o n t i n g e n c y  u s e  a n d  s h o u l d  n o t  s u b s t i t u t e  f o r  t h e  
e x i s t i n g  ECS c a b i n  a tmosphe re  and s u i t  l o o p  sys t ems  d u r i n g  
n o r m a l  o p e r a t i o n .  

Comparing t h e  r e q u i r e m e n t s  w i t h  a n t i c i p a t e d  capa-  
b i l i t y  ( i n c l u d i n g  t h e  c u r r e n t l y  p l a n n e d  changes  f o r  oxygen 
masks,  r a p i d  r e p r e s s u r i z a t i o n  and c a p a b i l i t y  f o r  a i r  i n  t h e  
c a b i n  on t h e  p a d )  i n d i c a t e s  a need  f o r  some a d d i t i o n a l  m o d i f i -  
c a t i o n .  I n  p a r t i c u l a r ,  new p r o v i s i o n s  a r e  needed  f o r  d i r e c t  
oxygen s u p p l y  to t h e  s u i t  and more f l e x i b i l i t y  f o r  emergency 
u s e  o f  a n  a l t e r n a t e  oxygen sys t em i n  t h e  LM as w e l l  as i n  t h e  
CM.  

2031-RDR-jcd 
@dQy4  R .  D .  Raymond 

A t t a c h m e n t s  
Appendix A 
T a b l e s  1 and A - 1  
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APPENDIX A 

CONTINGENCIES DERIVED BY M I S S I O N  PHASE 

The p o s s i b l e  c o n t i n g e n c i e s  examined a r e  l i s t e d  below 
by s i g n i f i c a n t  m i s s i o n  phase  and  a r e  summarized i n  T a b l e  A-1. 
C o n t i n g e n c i e s  l i s t e d  are  on ly  t h o s e  t h a t  c o u l d  be c o u n t e r e d  by 
a p p r o p r i a t e  a p p l i c a t i o n  of  an  a l t e r n a t e  b r e a t h i n g  s o u r c e  and  
a r e  n o t  now a d e q u a t e l y  c o v e r e d  by t h e  f u n c t i o n a l  c a p a b i l i t y  o f  
t h e  e x i s t i n g  ECS: 

1. 

2. 

3. 

Countdown - During  count  
mise o f  b o t h  t h e  s u i t  l o  

down t h e  
op and c 

f a i  
ab i n  

l u r e  
atm 

or compro- 
. o sphe re  b y :  

a .  F i r e  and smoke i n  c a b i n  and s u i t  l o o p ;  

b .  Leakage of v o l a t i l e  l i q u i d  o r  t o x i c  gas oi? p a r t i -  
c l e s  i n  t h e  c a b i n  and s u i t  l o o p ;  

C .  F i r e  i n  t h e  c a b i n  and  s u i t  d i s c o n n e c t e d  f o r  
emergency e g r e s s .  

Launch and Ascent  - During a s c e n t  t h e  c a b i n  p r e s s u r e  
i s  r e d u c e d  to t h e  e x t e n t  t h a t  i f  a i r  i s  u s e d  t h e  

c a b i n  a tmosphe re  does  n o t  p r o v i d e  a d e q u a t e  backup.  
I n  a d d i t i o n ,  b o o s t  a c c e l e r a t i o n  f o r c e  c o m p l i c a t e s  t h e  
i n i t i a t i o n  o f  o p e r a t i o n  o r  m a n i p u l a t i o n  o f  any a l t e r -  
n a t e  s y s t e m s .  These  c o n t i n g e n c i e s  may be  e n c o u n t e r e d :  

( 1 ) ( 3 )  

a .  F i r e  and smoke i n  c a b i n  and s u i t  l o o p ;  

b .  Leakage of v o l a t i l e  l i q u i d  o r  t o x i c  g a s  o r  p a r t i -  
c l e s  i n  t h e  c a b i n  and s u i t  l o o p ;  

c .  S u i t  l o o p  con ta?n ina t ion  ( n o t  p r e s s u r e  l o s s )  and 
c a b i n  p r e s s u r e  l o s s  ; 

d .  S u i t  l o o p  m a l f u n c t i o n  and c a b i n  p a r t i a l  p r e s s u r e  
of  oxygen low (any  s i n g l e  f a i l u r e  mode i f  a i r  i s  
u s e d  i n  t h e  cab in  and p r e s s u r e  has d ropped  d u r i n g  
as c e n t  ) ; 

e .  S u i t  l o o p  m a l f u n c t i o n  and c a b i n  c o n t a m i n a t e d  o r  
p a r t i a l  p r e s s u r e  o f  oxygen low ( w i t h  e i t h e r  a i r  
or oxygen i n  t h e  c a b i n ) .  

I n  T r a n s i t  ( S u i t s  P r e s s u r i z e d )  - T h i s  c o n d i t i o n  e x i s t s  
a f t e r  a s c e n t  u n t i l  i n i t i a l  s u i t  d o f f i n g  and d u r i n g  a l l  
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s u b s e q u e n t  SPS b u r n s  i n  t r a n s l u n a r ,  l u n a r  and t r a n s -  
e a r t h  t r a j e c t o r i e s .  P o s s i b l e  c o n t i n g e n c i e s  i n c l u d e :  

a .  F i r e  and smoke i n  c a b i n  and  s u i t  l o o p ;  

b .  Leakage o f  v o l a t i l e  l i q u i d  or t o x i c  g a s  o r  p a r t i -  
c l e s  i n  t h e  c a b i n  and  s u i t  l o o p ;  

e .  S u i t  l o o p  c o n t a m i n a t i o n  ( n o t  p r e s s u r e  loss) and 
c a b i n  p r e s s u r e  loss ; 

d .  S u i t  l o o p  m a l f u n c t i o n  and c a b i n  p a r t l a i  pressuice 
o f  oxygen low ( i f  a i r  i s  u s e d  and  n o t  y e t  r e p l a c e d  
w i t h  oxygen or cannot  b e  r e p l a c e d  due to c a b i n  
dump f a i  l u r e  ) ; 

e .  S u i t  l o o p  m a l f u n c t i o n  and  c a b i n  c o n t a m i n a t e d  o r  
p a r t i a l  p i -essurz  o f  oxygen low ( w i t h  e i t h e r  a i r  
o r  oxygen i n  t h e  c a b i n ) .  

4. I n  T r a n s i t  ( S u i t s  U n p r e s s u r i z e d )  - Most o f  t h e  t r a n s i t  
t i m e  i s  s p e n t  i n  t h i s  c o n d i t i o n  ( s u i t s  d o f f e d  o r  
he lme t  removed) u s i n g  c a b i n  a tmosphe re  as t h e  p r i m a r y  
s o u r c e  o f  oxygen.  T h i s  c o n d i t i o n  a l s o  a p p l i e s  to CSN 
s o l o  o r b i t  a f t e r  LY d e s c e n t .  S u i t s  a re  to b e  donned 
and p r e s s u r i z e d  i n  e v e n t  o f  c a b i n  d e p r e s s u r i z a t i o n  o r  
c o n t a m i n a t i o n .  Time c r i  t i  c a l  c o n t i n g e n c i e s  i n c l u d i n g  
t h e  f o l l o w i n g  c o u l d  r e q u i r e  a n  a l t e r n a t e  r a p i d l y  
a c c e s s i b l e  oxygen s u p p l y ,  e . g . ,  f a c e  iiiasks: 

a .  F i r e  and  smoke i n  c a b i n ;  

b .  Leakage of  v o l a t i l e  l i q u i d  or t o x i c  gas o r  p a r t i -  
c l e s  i n  c a b i n ;  

e .  Cabin p r e s s u r e  d e c r e a s e  t o  t h e  e x t e n t  t h a t  p a r t i a l  
p r e s s u r e  o f  oxygen i s  low (assumes  some d i l u t i o n  
o f  c a b i n  oxygen) .  

5 .  C r e w  T r a n s f e r  - I n t r a - v e h i c u l a r  t r a n s f e r  i s  a c c o m p l i s h e d  
i n  p r e s s u r i z e d  s u i t s  w i t h  t h e  a i d  o f  a l o n g  u m b i l i c a l  
s u p p l i e d  by  t h e  CSM ECS. EVA t r a n s f e r ,  i f  r e q u i r e d ,  
i s  a c c o m p l i s h e d  w i t h  t h e  a i d  o f  t h e  PLSS or OPS. Con- 
t i n g e n c i e s  f o r  which a s e p a r a t e  oxygen s o u r c e  c o u l d  be  
u s e f u l  i n c l u d e  : 

a .  F i r e  and  smoke i n  c a b i n  and  s u i t  l o o p ;  



BELLCOMM, INC.  - 3 -  

Appendix A ( C o n t d . )  

.A 

b .  Leakage o f  v o l a t i l e  l i q u i d  or t o x i c  gas o r  p a r t i -  
c l e s  i n  c a b i n  and s u i t  l o o p ;  

c .  S u i t  l o o p  c o n t a m i n a t i o n  ( n o t  p r e s s u r e  loss) and 
c a b i n  p r e s s u r e  loss ( i n c l u d i n g  w h i l e  c a b i n  i s  
d e , p r e s s u r i z e d  f o r  EVA) ; 

d .  I n t r a - v e h i c u l a r  u m b i l i c a l  p rob lems ,  e . g . ,  t h e  
s i n g l e  l o n g  u m b i l i c a l  f a i l s ,  i s  n o t  a c c e s s i b l e  
i n  LM or t h e  u m b i l i c a l  c o n n e c t o r s  f a i l  on s u i t s  
or s p a c e c r a f t ;  

e .  S u i t  l o o p  m a l f u n c t i o n  w h i l e  t r a n s f e r r i n g  t h r o u g h  
t u n n e  1 ; 

f .  EVA, PLSS and I?FS oxygen s u p p l y  e x h a u s t i o n  or 
malf iunc t ion  o r  u m b i l i c a l  m a l f u n c t i o n .  

6. LYI Descent  or Ascent  - S u i t s  and c a b i n  a r e  n o r m a l l y  
b o t h  p r e s s u r i z e d .  Both must become n o n v i a b l e  b e f o r e  
a n  a l t e r n a t e  oxygen s o u r c e  would be  r e q u i r e d .  P o s s i -  
b l e  c o n t i n g e n c i e s  are : 

a.  F i r e  and  smoke i n  c a b i n  and s u i t  l o o p ;  

b .  Leakage o f  v o l a t i l e  l i q u i d  or t o x i c  gas or p a r t i -  
c l e s  i n  cabif i  and s u i t  l o o p ;  

c .  S u i t  l o o p  c o n t a m i n a t i o n  ( n o t  p r e s s u r e  l o s s )  and  
c a b i n  p r e s s u r e  loss ; 

d .  S u i t  l o o p  m a l f u n c t i o n  and  c a b i n  c o n t a m i n a t e d  o r  
p a r t i a l  p r e s s u r e  o f  oxygen low. 

7 .  Lunar  S u r f a c e  S t a y  - Normal l i f e  s u p p o r t  c o n d i t i o n s  
i n c l u d e  p r e s s u r e  suits backed  by c a b i n  a tmosphe re ,  
c a b i n  a tmosphe re  backed b y  s u i t s  ( h e l m e t s  d o f f e d ) ,  
p r e s s u r e  s u i t s  i n  d e p r e s s u r i z e d  c a b i n  and  p r e s s u r e  
s u i t s  i n  EVA mode u s i n g  PLSS. P o s s i b l e  c o n t i n g e n c i e s  
i n c l u d e  : 

a .  F i r e  and  smoke i n  c a b i n  and  s u i t  l o o p ;  

b .  Leakage o f  v o l a t i l e  l i q u i d  o r  t o x i c  g a s  or p a r t i -  
c l e s  i n  c a b i n  and s u i t  l o o p ;  
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e .  S u i t  l o o p  c o n t a m i n a t i o n  ( n o t  p r e s s u r e  loss) and 
c a b i n  p r e s s u r e  loss ( i n c l u d i n g  w h i l e  c a b i n  i s  
d e p r e s s u r i z e d  f o r  E V A ) ;  

d .  F i r e  and smoke i n  c a b i n  (when he lme t  i s  d o f f e d ) ;  

e .  Leakage of  v o l a t i l e  l i q u i d  o r  t o x i c  g a s  o r  p a r t i -  
c l e s  i n  c a b i n  (when he lme t  i s  d o f f e d ) ;  

f .  EVA, PLSS and OPS oxygen s u p p l y  e x h a u s t i o n  or 
m a l f u n c t i o n  o r  u m b i l i c a l  m a l f u n c t i o n .  

8 .  E n t r y  and Landing - During normal  e n t r y  p r e s s u r e  s u i t s  
a r e  donned and t h e  c a b i n  i s  p r e s s u r i z e d .  The c a b i n  
p r e s s u r e  i n c r e a s e s  as  a i r  f lows  i n  f rom t h e  e x t e r n a l  
ambient  a tmosphe re .  E n t r y  a c c e l e r a t i o n  l o a d s  a r e  
i ~ i g h ,  c o m p l i c a t i n g  m a n i p u l a t i o n  of a l t e r n a t e  s y s t e m s .  
P o s s i b l e  c o n t i n g e n c i e s  i n c l u d e :  
L. 

a .  F i r e  and smoke i n  c a b i n  and s u i t  l o o p ;  

b .  Leakage of  v o l a t i l e  l i q u i d  or t o x i c  gas or p a r t i -  
c l e s  i n  c a b i n  and s u i t  l o o p ;  

e .  S u i t  l o o p  manfunc t ion  and  c a b i n  c o n t a m i n a t e d  or 
p a r t i a l  p r e s s u r e  of  oxygen low; 

d .  E n t r y  oxygen s u p p l y  e x h a u s t e d ;  

e .  Cabin and s u i t  loop  c o n t a m i n a t i o n  f rom a i r  i n t a k e .  

9 .  P o s t  Landing  to Recovery - Normally t h e  a . i r  i n t a k e  and 
c i r c u l a t i o n  s y s t e m  w i l l  s u p p l y  f r e s h  a i r  to t h e  c a b i n  
and s u i t s  can  be  d o f f e d .  C o n t i n g e n c i e s  i n c l u d e :  

a .  F i r e  and smoke i n  c a b i n ;  

b .  Leakage of  v o l a t i l e  l i q u i d  o r  t o x i c  g a s  o r  p a r t i -  
c l e s  i n  c a b i n ;  

e .  A i r  i n t a k e  m a l f u n c t i o n ,  or u n d e r  water, and s u i t  
l o o p  m a l f u n c t i o n  or e n t r y  oxygen e x h a u s t e d .  
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